Introduction
Anorexia nervosa (AN) is a severely debilitating psychosomatic disorder, most commonly observed in young women and characterized by low body weight, preoccupation with food and an intense fear of gaining weight (American Psychiatric Association, 2013) . Previous studies have proposed alterations in cognitive control as well as an altered homeostatic appetite regulation as underlying pathological mechanisms of reduced food intake and starvation in AN (Friederich, Wu, Simon, & Herzog, 2013; Kaye, Wierenga, Bailer, Simmons, & Bischoff-Grethe, 2013a; Tortorella et al., 2014) . However, there is still a paucity of research related to the interaction between homeostatic and non-homeostatic factors that control food intake in AN. An imbalance between neural reward and inhibition networks is considered a hallmark feature of AN and might account for the pathological feeding behavior typically observed in patients (Kaye et al., 2013b) . In addition to excessive cortical top-down control over limbic-striatal brain regions during food processing, there is evidence for homeostatic disturbances in individuals with AN (Warren, 2011) . An aberrant release of gastrointestinal peptides (Casper, 1996; Tanaka et al., 2003) , as well as a central nervous system resistance to hormonal satiety signaling (Miljic et al., 2006) , is considered to be either a direct consequence of long-term starvation, or an underlying factor in the development and maintenance of dysfunctional food-related behaviors, such as restrained eating or binging and purging (Harada et al., 2008; Lockie & Andrews, 2013; Monteleone & Maj, 2013) .
Food intake is driven by non-homeostatic (e.g. food hedonics) and homeostatic (e.g. peripheral physiology) mechanisms and both interact for an adaptive regulation of energy balance (Berthoud, 2006) . Previous studies investigating the effect of satiety on neural processing of food stimuli did not control for the cephalic phase of food consumption such as sight, smell, and taste. However, it has been postulated that top-down effects have a strong influence on the subjective perception of sensory properties of food stimuli and therefore on the neural processing of these stimuli (Robinson et al., 2013; Robinson, Kersbergen, & Higgs, 2014) . Specifically, projections from brain areas such as the ventral prefrontal cortex (i.e. the subgenual anterior cingulate cortex), amygdala, and hippocampus to the hypothalamus play a decisive role in the suppression of metabolic signals (Berthoud, 2011; Petrovich, Ross, Holland, & Gallagher, 2007) . The state of prolonged caloric deprivation is defined as homeostatic hunger, and is driven by a complex series of physiological processes such as hormonal signaling and gastric secretion (Espel-Huynh, Muratore, & Lowe, 2018) . Homeostatic satiety, on the other hand, refers to post-ingestive physiological processes such as changes in physical signals of distension as well as metabolic signaling via gut peptide hormones. Therefore, in order to investigate the influence of homeostatic hunger and satiety on disorder-specific processing of food-related stimuli in AN, we employed an experimental design capable of eliminating influences associated with the cephalic phase of food consumption and with the awareness of caloric ingestion. In a sample of women with AN and a matched normal-weight control group, we administered glucose and water on two different occasions directly into the stomach by means of a nasogastric tube. The glucose and water conditions will represent homeostatic satiety and hunger respectively. Since participants were blinded to the type of infusion administered during each study session, this allowed us to examine the impact of homeostasis on neural regulation of cue-induced food craving independently from disorder-related expectations towards food consumption. Therefore, we hypothesized that by abolishing the cephalic phase of food consumption, any observed differences in neural processing will be exclusively related to post-gastric signaling. Taken together, the present study provides a promising approach to gain new and valuable insights into the psychobiological mechanisms of altered interoand exteroceptive food processing in AN.
Methods

Participants
Twenty-six female patients with AN and 32 age-and educationmatched healthy normal-weight women (CON group) were enrolled in the present study. A total of seven participants (N = 1 AN, N = 6 CON) were excluded from the final data analyses due to excessive head movement. The task employed in this study was piloted first and findings from the normal-weight control group (Stopyra et al., 2019) revealed no significant effect of intragastric glucose load on neuronal correlates during the distraction from food. The distraction from high-caloric food images recruited fronto-parietal brain regions, indicative of underlying attentional mechanisms. In the present study, the same healthy participants were included; however, in order to match both groups regarding age, education years, and handedness (one left-handed participant in the AN as well as the CON group), one healthy control participant from the previous study was excluded. Twelve of the patients with AN were of binge-purging subtype. Each participant was screened for medical and psychiatric disorders using the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, 4 th edition (SCID; Wittchen, Zaudig, & Fydrich, 1997) . All other Axis I and II disorders were excluded with exception of a history of (N = 17) or current (N = 12) unipolar depression. Patients with AN received no medication other than antidepressants (of SSRI type) (N = 5). The study was approved by the ethics committee of the medical faculty of the University of Heidelberg and it was in accordance with the ethical standards of the Declaration of Helsinki in 1975 as revised in 2008. Prior to participation all participants gave informed written consent. See Table 1 for demographics.
Self-report measures
Hunger was assessed with a 100-mm visual analogue scale ranging from 0 to 100 before and after each functional magnetic resonance imaging (fMRI) session. The German version of the Eating disorder examination questionnaire (EDE-Q; Hilbert, Tuschen-Caffier, Karwautz, Niederhofer, & Munsch, 2007) was administered in order to assess the severity of disturbed eating patterns as well as the degree of weight and shape concerns. The German version of the Beck Depression Inventory (BDI-II; Hautzinger, Keller, & Kühner, 2006 ) was used to assess the severity of depressive symptoms.
Procedure
During the first study session, all participants were interviewed with the SCID, filled out questionnaires and their weight and height were measured. Before entering the MRI scanner a finebore nasogastric tube (Flocare Nutrisoft, Nutricia GmbH, Erlangen) was placed with its tip in the gastric ventricle ∼5 cm below the xiphoid process and fixed with adhesive tape to the participants' cheek and nose. At the beginning of each fMRI session, a pseudo-pharmacological fMRI scan of 5 min was carried out, which was followed by the infusion of either 75 g glucose dissolved in 300 ml water (Accu-Chek® Dextrose O.G-T., Roche, EDE-Qeating concern** 0.52 0.71 13.68 7.87 <0.001 EDE-Qweight concern** 2.52 2.08 16.36 8.03 <0.001 EDE-Qshape concern** 5.80 5.18 30.12 12.40 <0.001 BDI, Beck depression inventory; BMI, body mass index; EDE-Q, eating disorder examination questionnaire. **Significant differences between CON and AN groups at p < 0.001.
Basel, Switzerland) or 300 ml of plain water. A total of 75 g of glucose, as administered in our study protocol, is the amount of glucose that is normally used in the Oral Glucose Tolerance Test, a standard method to assess glucose sensitivity and therefore, allows for the comparison of our results with previous studies. Furthermore, previous research has shown that 75 g of glucose is a sufficient dose in order to evoke differences in neural response (Brown & Riby, 2013; Sünram-Lea, Foster, Durlach, & Perez, 2001) . The administration of water or glucose took ∼3 min. The water and glucose solution were administered by the use of a disposable 50 ml syringe (Chirana® 50 ml catheter with Luer adapter, Chirana T. Injecta, A.S.) through the nasogastric tube directly into the stomach. The accurate position of the nasogastric tube was controlled by auscultating during air insufflation. After the infusion of glucose or water, participants underwent additional 30 min of pseudo-pharmacological fMRI. These results will be reported elsewhere. Subsequently, participants performed the experimental task (17 min). Each fMRI session lasted a total of 60 min. A graphical depiction of the fMRI protocol can be derived from Fig. 1 . The order of glucose/water infusion was balanced across the two scanning sessions and assigned randomly across participants. Furthermore, three blood samples were taken 30 min before fMRI scanning, 30 min after intragastric infusion (before the experimental paradigm) and 60 min after intragastric infusion (after the experimental paradigm). Means and standard deviations of the behavioral and physiological parameters can be derived from online Supplementary Table S1 .
Stimuli and task
Before entering the MRI, participants were instructed to choose eight images out of a sample of 85 images depicting high calorie food. Participants were asked to choose those food images that they found most appetizing and for which they experienced craving in that moment. Eight non-food objects (non-food-related household objects) were matched for color and visual complexity. The experimental paradigm was a modified version of an emotion regulation task (Kanske, Heissler, Schonfelder, Bongers, & Wessa, 2011; Stopyra et al., 2019) and was presented with Presentation software version 18.3 (Neurobehavioral Systems Inc., Berkeley, CA, United States). A graphical example of a distraction trial can be seen in online Supplementary Fig. S1 . The task required participants to either look attentively at the content of the presented images (viewing condition) or to solve an arithmetic equation (e.g. 7 + 8 − 5 = 14) as fast and accurately as possible (distraction condition). After the presentation of a fixation cross ( jittered duration of 3000-4500 ms), the viewing and distraction condition started with an initial induction phase (1000 ms), in which either an image of food or non-food object was presented.
In the viewing condition, the induction phase was followed by viewing instructions (1000 ms) which were shown as a semitransparent overlay, followed by the presentation of the image for another 5000 ms. In the distraction condition, the induction phase was followed by the arithmetic equation, which was continuously presented for 6000 ms as a semi-transparent overlay. Participants had to indicate by a button press whether the equation was solved correctly or incorrectly. Each experimental condition (viewing and distraction of images) was followed by a rating of participants' current craving (desire) for the presented food (non-food object). Participants rated the intensity of their craving (desire) on a 9-point Likert scale ranging from very low to very high using self-assessment manikins. For each experimental condition every image was presented twice, resulting in the presentation of 64 pseudo-random trials.
Biochemical analysis of glucose
Assessment of glucose concentrations was performed at the central laboratory of the University Clinic Heidelberg on a Siemens Advia 2400 device using the hexokinase method. To assess differences between sessions and groups, we performed a repeated measures ANOVA with satiety (water v. glucose) and time point (before/after infusions of water/glucose) as within-subjects factors, and group as a between-subjects factor. Post-hoc tests were performed with two-sample t tests to assess group differences and paired t tests for differences between time points (two-tailed, p < 0.05).
Image acquisition
Functional imaging was performed on a 3-Tesla Siemens Trio MRI scanner (Siemens Medical Solutions, Erlangen, Germany) at the University Clinic Heidelberg, Germany. In total, 523 functional T2*-weighted images were acquired in one run lasting 17.30 min. An interleaved slice order with a repetition time (TR) of 2000 ms, an echo time (TE) of 30 ms, a flip angle (FA) of 80°, and a voxel size 3 × 3 × 4 mm was used. Each volume consisted of 30 axial slices with a slice thickness of 4 mm with no inter-slice gap and a field of view (FOV) of 192 × 192 × 120 mm. A T1-weighted high-resolution anatomical image with 192 slices (1 × 1 × 1 mm voxel size) was acquired. The scanning parameters for the anatomical image were: FA = 9°, TR = 1900 ms, TE = 2.52 ms, FOV = 256 × 256 × 256 mm.
Data analysis
The analysis of functional imaging data was performed with Statistical Parametric Mapping (SPM8, Wellcome Department of Imaging Neuroscience, London, United Kingdom) running in MATLAB version 7.13 (Mathworks, Inc.). Pre-processing of functional scans included slice-time correction, realignment, and spatial normalization to a standard stereotactic space defined Psychological Medicine by the Montreal Neurological Institute template with a voxel size of 3 × 3 × 4 mm. Spatial smoothing with a full-width at half maximum Gaussian smoothing kernel of 8 mm was applied. On the single-subject level, significant hemodynamic changes for each condition were assessed by means of a General Linear Model. Events (starting with the presentation of the instructions) and experimental conditions (i.e. food distraction, non-food distraction, viewing food, viewing non-food objects) were defined by the stimulus onset and duration. Subsequently, experimental conditions were modeled and convolved with the hemodynamic response function which resulted in four regressors of interest. A high-pass filter with a cut-off of 128 s was applied to remove low-frequency noise. Furthermore, we entered the following regressors of no interest into the design matrix: movement parameters, ratings, and the induction phase. In order to examine changes in the blood oxygen level-dependent signal, the individual statistical parametric maps were calculated for contrasts of interest which were: (1) viewing food compared to viewing nonfood objects (viewing food-viewing non-food) and (2) distraction from food compared to distraction from non-food objects (distraction food-distraction non-food).
At the second level analysis, the resulting contrast images of the fixed effects analysis were entered in a random effects analysis. At first, a 2 × 2 repeated measures ANOVA with group and homeostatic states as factors was calculated. Paired t tests were conducted to assess differences in brain activation between homeostatic satiety states. To examine group differences, independent two-sample t tests were conducted. BDI-II scores were entered as covariates in the group analyses, as depression may influence the neural response to rewarding stimuli (Admon & Pizzagalli, 2015) . All results were thresholded at a whole-brain family-wise error (FWE) cluster corrected p < 0.05, and only clusters exceeding 40 voxels are reported. For the visualization of group statistics the MRIcron software (Chris Rorden, Version 4, April 2011, http://people.cas.sc.edu/rorden/mricron/index.html) was used.
Regression analysis
To investigate the relationship between brain activation and food craving during food distraction (i.e. distraction food-distraction non-food), a multiple regression analysis was carried out by entering the food craving scores as regressors of interest in our model. Only results significant at a FWE cluster corrected p < 0.05 and exceeding 40 voxels are reported.
Results
Behavioral results
As shown in Table 1 , there were no significant group differences regarding age and years of education between both groups. However, significant differences were found in body mass index (BMI), BDI, and the EDE-Q scores (all Ps < 0.001, see Table 1 ).
In order to investigate whether participants were blinded to the nature of the liquid, a Pearson's χ 2 test was conducted, revealing that the CON and AN groups guessed at the chance level for the first (χ 2 = 0.37, p = 0.543 for CON and χ 2 = 1.07, p = 0.302 for AN) and second session (CON: χ 2 = 3.22, p = 0.07; AN: χ 2 = 0.43, p = 0.51).
Hunger ratings
In both groups, paired t tests of subjective hunger ratings revealed no significant differences in hunger before and after scanning during the glucose (CON: t(24) = 1.8, p = 0.085; AN: t(22) = 0.09, p = 0.926) and water (CON: t(24) = −0.118, p = 0.907; AN: t(24) = 0.72, p = 0.477) conditions.
Craving ratings
A 2 × 2 repeated-measures ANOVA with satiety state as a within, and group as a between factor, revealed a significant effect of the group on the satiety state, F(2,44) = 4.62, p = 0.015. Paired t tests revealed no differences in craving levels between homeostatic satiety states in the AN and CON group for both the viewing and distraction condition (all Ps > 0.05). The CON group did not exhibit significant differences in cue-induced craving levels during fMRI scanning between the distraction and viewing condition in the glucose (t(24) = 0.32, p = 0.754) and water condition (t(24) = 1.6, p = 0.122). During the water condition, individuals with AN demonstrated significant differences in subjective craving levels during the distraction compared to the viewing condition (t(24) = 2.56, p = 0.017); craving was higher during viewing (M = 6.1, S.D. = 1.94) than during distraction (M = 5.9, S.D. = 1.99). However, during the glucose conditions, patients with AN showed no significant differences in craving between the distraction and viewing condition (Ps > 0.05). Furthermore, there were no significant differences between the restrictive (N = 13) and bulimic (N = 12) AN subtype in craving levels during the water and glucose condition (all Ps < 0.05). Regardless of the homeostatic state (water v. glucose) and experimental condition (viewing v. distraction), the CON group exhibited higher food craving compared to the AN group (all Ps < 0.05, see Fig. 2a ).
Blood parameter analyses
A 2 × 2 × 3 repeated-measures ANOVA with group, homeostatic satiety state, and time point of blood sampling demonstrated a significant interaction of the satiety state and time point, F(2, 84) = 121.03, p < 0.001. Paired t tests revealed that both groups had a significant increase in blood glucose compared to baseline blood glucose levels (AN group: t(20) = 9.68, p < 0.001; CON group: t(24) = 16.73; p < 0.001). Moreover, there were no significant group differences in blood glucose levels before participants underwent the experimental paradigm (t(45) = 1.06, p = 0.295) in the glucose condition. In both groups and during the execution of the experimental paradigm, blood glucose levels were significantly higher during glucose load compared to the water condition (homeostatic hunger) (AN group: t(20) = 8.8, p < 0.001; CON group: t(24) = 18.61, p < 0.001). See Fig. 1 Supplementary Table S1 for the temporal course of blood glucose levels for the AN and CON groups.
and online
fMRI results
Comparison of satiety states in AN group
Paired t tests comparing differences in BOLD activity in response to the distraction food-distraction non-food contrast revealed stronger activation in the precuneus during the water compared to the glucose condition (peak of activation at x = −6, y = −49, z = 14, t = 5.45, p = 0.02, no. of voxels: 66; see online Supplementary Fig. S2 ). Comparing the glucose condition to the water condition, there were no differences for the distraction food-distraction non-food contrast. Furthermore, no significant differences between glucose and water were observed in the viewing food-viewing non-food contrast.
Comparison of satiety states in CON group
The control group did not exhibit significant differences in brain activation between glucose and water administration in the mentioned contrasts of interest.
Group comparison
The 2 × 2 repeated measures ANOVA with group and homeostatic satiety states as factors revealed a significant interaction effect during distraction food-distraction non-food in the left precuneus (peak of activation at x = −6, y = −55, z = 10, no. of voxels: 44, F(1, 93) = 15.66). No significant interaction effect was found in the viewing food-viewing non-food contrast.
AN v. CON group An independent two-sample t test showed significant differences between the AN and CON group in the distraction food-distraction non-food contrast during the water condition. Patients with AN compared to CON exhibited significantly higher BOLD activity in the left inferior parietal lobule (IPL)/precuneus, the fusiform gyrus, and middle occipital areas during the water condition (see Table 2 , Fig. 3a ). There were no further group differences neither for the glucose condition nor the viewing foodviewing non-food contrast.
CON v. AN group During the glucose condition, distraction food-distraction nonfood activated the posterior cingulate gyrus, ventral prefrontal regions (medial and superior frontal), and the perigenual anterior cingulate cortex in the CON group compared to the AN group (see Table 2 , Fig. 3b ). During the water condition, no further group differences were observed.
Regression analyses
Furthermore, we conducted a multiple regression analysis with subjective craving levels during the distraction food-distraction non-food contrast during the water condition. BOLD activation in the bilateral dorsal striatum was negatively associated with craving levels in the AN group (see Fig. 2b and online Supplementary Table S2 ). No association between craving levels and brain activation was observed in the CON group.
Furthermore, no significant results were found during the glucose condition for the AN and CON group.
Discussion
In this study, bypassing the cephalic phase during glucose ingestion allowed the sole investigation of bottom-up, homeostatic influences on the neural regulation of cue-induced food craving in patients with AN. Our findings indicate that prolonged caloric deprivation facilitates the ability of patients to reduce their craving for food and as opposed to healthy controls, influences neural processing during the distraction from food stimuli. We observed increased activation in higher-order cognitive control regions (inferior parietal lobule, precuneus) in the hunger condition and decreased activation in fronto-cingular brain regions after glucose load, reflecting decreased internally directed attention in the AN group.
Distraction from food increased activity in the left precuneus in patients with AN when comparing homeostatic hunger with homeostatic satiety. Interestingly, previous studies on AN found increased activation in the precuneus during viewing of food pictures (Rothemund et al., 2011) , but decreased activation when instructed to think about how much they want to eat the displayed food (Scaife, Godier, Reinecke, Harmer, & Park, 2016) . Furthermore, research investigating neural processing during exposure to drug-cues in addictive disorders has consistently observed increased activation in this region (Holsen et al., 2012) and found a mediating role of the precuneus during craving resistance in addiction (Courtney, Ghahremani, London, & Ray, 2014; Santel, Baving, Krauel, Münte, & Rotte, 2006; Wierenga et al., 2015) . Taken together with the long held assumption of similarities between compulsive traits in AN and addiction (Barbarich-Marsteller, Foltin, & Walsh, 2011; Godier & Park, 2015; Kaye et al., 2013b) , our results point to a homeostaticallydependent increased higher-order cognitive control mechanism in response to cue-induced food craving among patients with AN. The observed decrease of subjective craving levels during distraction from food stimuli supports this interpretation. However, since we employed food pictures chosen by patients, our data might be biased regarding the subjective perception of valence. Future studies should investigate the validity of regulation paradigms regarding their ability to tap into typical disorder-related processing. Fig. 2. (a) Interaction between craving intensity and task instruction (distraction v. viewing). Under homeostatic hunger, patients with AN significantly decreased their craving when distracting themselves compared to viewing food images ( p = 0.017). (b) In patients with AN, craving rating was negatively associated with dorsal striatal activation during the distraction from food craving in the homeostatic hunger condition. This association was neither found in the CON group nor in the satiety condition.
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When compared to normal-weight controls, the AN group exhibited increased activation in the IPL including the precuneus and the fusiform gyrus during the distraction from food stimuli during homeostatic hunger. These regions have been observed during the processing of a number of eating disorder-related stimuli in AN, such as body image (Miyake et al., 2010; Vocks et al., 2010; Wagner, Ruf, Braus, & Schmidt, 2003) , food pictures (Santel et al., 2006; Scaife et al., 2016) , emotional processing (Fonville, Giampietro, Surguladze, Williams, & Tchanturia, 2014; Suda et al., 2014) as well as negative social interactions (McAdams, Lohrenz, & Montague, 2015) . In addition to the above described cognitive control functions of the precuneus, the IPL has been strongly related to visuo-spatial and attentional processes (Behrmann, Geng, & Shomstein, 2004) and might point towards an increased attentional engagement in AN related to disorderspecific stimuli. This finding is supported by eye tracking studies, which suggest that patients with AN exhibit at least an initial attentional engagement to food stimuli (Giel et al., 2011) . In light of these findings, the observed results can be seen as a sign of enhanced attentional engagement to food stimuli in patients with AN, necessary to successfully resist food craving, especially during a negative energy balance.
The negative association between increased activation in the dorsal striatum and decreased craving levels in AN is in line with previous observations of striatal alterations during food reward processing and executive control in AN (Holsen et al., 2012; Wierenga et al., 2017; Zastrow et al., 2009 ). Kaye and colleagues (Kaye, Fudge, & Paulus, 2009 ) postulated that dopaminergic alterations in striatal circuits may contribute to altered reward and executive functioning, and represent the difficulty of patients with AN to appropriately evaluate and respond to salient stimuli. Furthermore, when asked to choose between different visually depicted food stimuli, patients with AN show increased connectivity between the dorsal striatum and dorsolateral prefrontal cortex, an association found to be related to subsequent food intake (Foerde, Steinglass, Shohamy, & Walsh, 2015) . The authors conclude that fronto-striatal networks, that are crucial in the development of habitual behaviors (Tricomi, Balleine, & O'Doherty, 2009) , may subserve maladaptive eating behavior in AN. Therefore, given that dorsal-striatal activity was negatively associated with craving ratings during homeostatic hunger, our findings might reflect an automatic, learned strategic response to food stimuli in AN, facilitating avoidance of food and dietary restriction. Noteworthy, the opposite pattern, namely a positive relation between appetite and dorsal striatal activity has been reported in participants of normal-weight as well as participants with obesity (Contreras-Rodriguez, Martin-Perez, Vilar-Lopez, & Verdejo-Garcia, 2017; Volkow et al., 2002) , further corroborating our findings of altered neural regulation of food craving in AN. In order to increase the understanding of the development and maintenance of AN, future research should examine the effect of homeostatic satiety states on the neuronal processing of disorder-related stimuli in weight-recovered individuals. Studying weight-recovered or short-time ill adolescents might provide insight with regard to state and trait variables underlying behavioral and neuronal alterations of AN. These results are in contrast to food distraction during the glucose condition, where normal-weight women, compared to patients with AN, exhibited increased activation in brain regions involved in self-referential processing including incentive salience and emotion regulation (Raichle et al., 2000) . These brain areas constitute the default mode network, which is activated during internally directed attention as, for example, during self-reflection and deactivated when attention is externally directed, as, for example, during attentionally demanding tasks (Hayden, Smith, & Platt, 2010) . Against this background, the present findings indicate that patients with AN when compared to controls show less internally directed attention due to attentional deployment for the food distraction task. Thus, the findings during homeostatic satiety point towards excessive higher-order cognitive control and decreased internally cued attention to food craving, which may explain the tolerance to starvation in patients with AN. Given that group differences have exclusively been found for the distraction but not the viewing condition, these findings further support the importance of a food distraction mechanism in the psychopathology of AN.
Limitations
There are several limitations to our study. Since we only employed glucose to evoke homeostatic satiety, this cannot precisely mimic the effects of a nutritious meal, as macronutrients are essential for a satiating effect (Chambers, McCrickerd, & Yeomans, 2015) . Furthermore, since we only examined distraction from food stimuli, investigating other regulation strategies, such as cognitive reappraisal or avoidance using the current experimental design would be of interest. Therefore, the employed paradigm might be unable to tap into the naturalistic restraining eating behavior observed in AN. Moreover, the success of different regulation strategies has been found to depend on inter-individual preferences (Giuliani, Calcott, & Berkman, 2013) and might differ between the two subtypes of AN. Given the dysfunctional selfregulatory capacities in AN (Fischer & Munsch, 2012) , future studies need to examine different self-regulation strategies in AN. Patients with AN exhibit high rates of comorbid anxiety disorders (Kaye, Bulik, Thornton, Barbarich, & Masters, 2004) and therefore, the present study might have only studied a subsample of AN. The exclusion of co-morbid anxiety disorders might impede inferences to the general population of patients with AN. Additionally, the distraction from visually presented food stimuli may not be suitable for triggering reactions related to the psychopathology of AN. According to Murray and Strigo (Murray & Strigo, 2018) , neuroimaging food cue paradigms should be situated in the context most salient to the psychopathology of AN, which refers mainly to food consumption and the intention to eat, rather than passive exposure to food stimuli. Given that patients with AN often display paradoxical approach towards as well as avoidance behavior away from food, future studies should aim at designing a more naturalistic approach by examining patients' intention to eat. For example, patients having to choose food that they are required to eat after fMRI data acquisition could hold more validity than passive viewing paradigms. Furthermore, the two subtypes of AN might exhibit food craving for different foods, which should be accounted for when studying appetitive behavior in patients with AN.
Conclusions
The behavioral and neurobiological findings indicate that food distraction plays an important role in the psychopathology of AN. In patients with AN, food distraction during homeostatic hunger was associated with increased activation in brain regions involved in higher-order control, possibly reflecting a mechanism to tolerate food restriction despite emaciation. Furthermore, during homeostatic satiety, food distraction in patients with AN was associated with decreased self-related processing and internallycued cognition, which may facilitate increased cognitive control for the food distraction task. These mechanisms might promote avoidance of food ingestion via an automatic response to food stimuli, thereby facilitating the resistance to food cravings among patients with AN.
Supplementary material. The supplementary material for this article can be found at https://doi.org/10.1017/S0033291719003970.
